Abstract
than that at other frequencies.
Introduction

18
There are three effects of vibration on the human body: psychological, physiological, and injuries or waist pain. They used standards based on ISO 2631 (1985 ) and ISO 5008 (1979 .
Pope and Hansson (1992) reported that tractors generate vibrations with a frequency of 1-7
19
Hz, which are harmful to the human body, and generate those as high as 4-8 Hz, which can 20 cause waist pain or spinal injuries.
21
In this study, we acquired vibration and position information during actual grass harvesting 22 work using a real-time kinematic global positioning system (RTK-GPS) and an inertial corrected by subtracting gravity. These data were stored in a laptop through an RS-232C Hanning window function on a specified number of vibration acceleration data samples 9 acquired from straight-line work and the sampling data interval.
Transformation of vibration acceleration data to multidimensional spatial data
12
This study analyzed the vibration acceleration power spectrum using a discrete Fourier (5), (6), and (7), respectively, and compared the values with ISO 7 2631(1974). longitudinal, lateral, and vertical components obtained using Eqs. (5), (6), and (7), 2 respectively, to examine the level of comfort during grass harvesting (JIS F 0907, 2003) .
The position and acceleration were measured simultaneously during grass harvesting.
5
Because the position data recorded with the GPS included time data, analysis of the vibration 6 acceleration and position data using this method enables us to determine the intensity 7 spectrum of the vibration acceleration at any time, as shown in Fig. 5 . We used this method 8 over the whole grassland area to investigate the spatial characteristics of machine vibration 9 during grass harvesting. In this study, therefore, we discuss the characteristics of tractor vibration during grass Table 1 Tractor specifications. 
